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Hypophosphatemia is defined as a serum phosphate level of
less than 2.5 mg/dL (0.8 mmol/L). Hypophosphatemia is caused
by inadequate intake, decreased intestinal absorption, excessive
urinary excretion, or a shift of phosphate from the extracellular
to the intracellular compartments. Renal phosphate wasting can
result from genetic or acquired renal disorders. Acquired renal
phosphate wasting syndromes can result from vitamin D deficiency
hyperparathyroidism, oncogenic osteomalecia, and Fanconi
syndrome. Genetic disorders of renal hypophosphatemic disorders
generally manifest in infancy and are usually transmitted as an
X-linked hypophosphatemic rickets. Symptoms of hypophosphatemia
are nonspecific and most patients are asymptomatic. Severe
hypophosphatemia may cause skeletal muscle weakness, myocardial
dysfunction, rhabdomyolysis, and altered mental status. The
diagnostic approach to hypophosphatemia should begin with
the measurement of fractional phosphate excretion; if greater
than 15% in the presence of hypophosphatemia, the diagnosis
of renal phosphate wasting is confirmed. Renal phosphate
wasting can be divided into 3 types based upon serum calcium
levels: primary hyperparathyroidism (high serum calcium level),
secondary hyperparathyroidism (low serum calcium level), and
primary renal phosphate wasting (normal serum calcium level).
Phosphate supplementations are indicated in patients who are
symptomatic or who have a renal tubular defect leading to chronic
phosphate wasting. Oral phosphate supplements in combination
with calcitriol are the mainstay of treatment. Parenteral phosphate
supplementation is generally reserved for patient with life-
threatening hypophosphatemia (serum phosphate < 2.0 mg/dL).
Intravenous phosphate (0.16 mmol/kg) is administered at a rate
of 1 mmol/h to 3 mmol/h until a level of 2 mg/dL is reached.
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Phosphate is a predominately intracellular anion
with a concentration of approximately100 mmol /L.
The intracellular concentration of phosphate is
100 times greater than the plasma concentration.
The average diet provides 800 mg to 1400 mg of
phosphate daily. Of this, 70% is absorbed through

the intestine, mainly by passive transport, but
there is also some active transport, stimulated
by vitamin D metabolites. Normal plasma level
is between 2.8 mg/dL and 4.5 mg/dL. The main
organ of regulation of phosphate is the kidney.
Phosphate is filtered by the glomeruli and mostly
reabsorbed (greater than 85%) in the proximal tubule
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in a cotransport with sodium. This cotransport is
regulated by serum phosphate level and parathyroid
hormone (PTH). Parathyroid hormone inhibits
the cotransport mechanism and increases urinary
excretion of phosphate. Because the ionization of
acid of phosphate is 6.8, at the normal serum pH
of 7.4 the univalent species is 4 times as prevalent
as the divalent species.?

Phosphate is involved in virtually every
intracellular reaction and it is the body’s source of
chemical energy, adenosine triphosphate. Phosphate
is also the main source of intracellular buffer and
is involved in cascades within the coagulation and
immune systems.>*

Hypophosphatemia is defined as a serum
phosphate level less than 2.5 mg/dL (0.8
mmol/L).> Hypophosphatemia is caused by
inadequate intake, decreased intestinal absorption
(malabsorption, phosphate binding antacids,
and vitamin D deficiency),*® excessive urinary
excretion (hyperparathyroidism, vitamin D
deficiency, oncogenic osteomalacia, and familial
hypophosphatemic rickets),”'* or redistribution
from extracellular into intracellular compartments
(treatment of diabetic ketoacidosis, acute respiratory
alkalosis, refeeding syndrome, and hungry
bone syndrome).'*!” Oncogenic osteomalacia
is a paraneoplastic syndrome characterized by
osteomalacia, hypophosphatemia, renal phosphate
wasting, bone pain, and muscle weakness due
to a circulating inhibitor of phosphate transport
in the serum of patients with tumor-induced
osteomalacia.'"!® Familial hypophosphatemic rickets
is the most common inherited form of rickets
and is characterized by short stature, bone pain,
radiographic evidence of rickets, renal phosphate
wasting, and inappropriately low levels of serum
concentration of 1,25-dihydroxyvitamin D. Familial
hypophosphatemic rickets is usually transmitted
as an X-linked dominant disorder (XHR), although
the autosomal dominant hypophosphatemic rickets
(ADHR) has also been described.'"3

Mutations in the phosphate-regulating gene
with homologies to endopeptidases (PHEX)
and the fibroblast growth factor 23 (FGF23)
are identified as the causes of XHR and ADHR
disorders, respectively.'>!3 Autosomal recessive
form of familial hypophosphatemic rickets (ARHR)
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associated with hypercalciuria is a rare genetic
disorder that is caused by a mutation in the SLC34C3
that encodes sodium-phosphate transporter.?
There are two types of ARHR. In type 1, the defect
is in renal 1-a-hydroxylation. Type 2 ARHR is
characterized by end-organ resistance to the effects
of 1,25- dihydroxyvitamin D. These patients, in
contrast to patients with XHR or ADHR, have low
plasma PTH and normal 1,25-dihydroxyvitamin
D levels.'?2°

Symptoms of hypophosphatemia are nonspecific
and highly dependent on its cause, duration, and
severity. Most patients with hypophosphatemia are
asymptomatic. In general, patients may complain
of skeletal muscle weakness,*' particularly the
respiratory muscle.”” Severe hypophosphatemia
may cause myocardial dysfunction, ventricular
arrhythmias, rhabdomyolysis, and altered mental
status.?%

If the diagnosis of hypophosphatemia is not
evident by history and physical examination,
then measurement of urinary phosphate excretion
should be helpful. Phosphate excretion can be
measured either from a 24-hour urine collection or
by calculation of the fractional excretion of filtered
phosphate (FE;,) from a random urine specimen.
The formula used to make the latter calculation is
the same as that for fractional excretion of sodium:

FE;o4 = (urine phosphate x serum creatinine x
100)/(serum phosphate x urine creatinine)

The kidney is an important regulator of
phosphate balance. Under normal physiologic
condition, the FE;,, varies between 5% and 20%.
The FE,q, should be less than 5% in the presence
of low plasma phosphate concentration. When
FEpo, is greater than 5% in the presence of low
plasma phosphate concentration, the cause of the
hypophosphatemia is renal phosphate wasting.”°
Renal phosphate wasting can be divided into 3
types based upon the serum calcium level: primary
hyperparathyroidism (high serum calcium level),
secondary hyperparathyroidism (low serum calcium
level), and primary renal phosphate wasting
(normal serum calcium level). The differential
diagnosis of hypophosphatemia with appropriate
renal phosphate retention (FE;u, less than 15%)
includes increased cellular uptake and reduced
net intestinal absorption (Figure).
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Diagnostic approach to the patient with hypophosphatemia. FE., indicates fractional
phosphate excretion; FGF23, fibroblast growth factor 23; XHR, X-linked hypophosphatemic rickets; ADHR, autosomal dominant

hypophosphtemic rickets; and ARHR, indicates autosomal recessive.

*Low serum 1,25-dihydroxyvitamin D level
tHypercalciuria

Therapy is highly dependent on the cause,
severity, and duration of hypophosphatemia. The
average patient requires 1 g to 2 g (32 mmol to
64 mmol) of phosphate per day to replenish the
body stores.®?**” Oral phosphate supplements in
combination with calcitriol (15 ng/kg/d to 30
ng/kg/d) are also useful for the treatment of the
genetic disorders of renal phosphate wasting and
can often normalize phosphate levels and decrease
bone pain.?®*

Parenteral phosphate supplementation is
generally reserved for patients with life-threatening
hypophosphatemia (serum phosphate level < 2.0
mg/dL).33? Suggested rates of safe delivery of
phosphate range from 1 mmol/h to 3 mmol/h. An
easy-to-use weight-based regimen is to administer
0.08 mmol/kg to 0.16 mmol/kg (2.5 mg/kg to 5.0
mg/kg) over 6 hours, depending on the severity of
the hypophosphatemia. Each milliliter of sodium

or potassium phosphate solution contains 3 mmol
of phosphate; this translates to 0.3 mol/h to 1.0
mol/h. The plasma phosphate concentration
should be monitored every 6 hours and the patient
switched to oral replacement until a level of 2 mg/
dL is reached.

Vitamin D supplementation is indicated in patients
with vitamin D deficiency. The recommended daily
vitamin D intake is 400 IU to 800 IU. Patients with
significant renal insufficiency benefit from oral
1,25-dihydroxyvitamin D supplements.” Patients
with primary hyperparathyroidism benefit from
parathyroidectomy. Patients with oncogenic
osteomalacia are cured by excision of the tumor
causing the renal phosphate wasting.®

The following clinical quiz was first published
by the author in a book entitled Clinical Decisions
in Pediatric Nephrology: A Problem-Solving Approach
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to Clinical Cases,” and hereby is presented with
some modification with the written permission
of the publisher.

A 30-month-old boy is evaluated for failure to
thrive, muscle weakness, bone pain, and difficulty
to walk over the last 10 months. The infant was
born at term to a 28-year-old gravida 2, para 2
mother via vaginal delivery. The birth weight was
3.1 kg; length, 50 cm; and head circumference, 45
cm. The child’s father had rickets as a child, which
left severe deformities. He was taking vitamin
D and phosphorous supplements. The patient’s
6-year-old sister had a history of delayed gross
motor milestones and frontal bossing. However,
a workup never had been done, nor had the child
been treated. A dietary history revealed that the
child had been fed a soy-based formula since early
infancy because he had been unable to tolerate
cow’s milk.

On examination, he appears as a thin male in
no acute distress. Blood pressure is 96/51 mm
Hg; pulse, 96 beats/min; respirations, 20/min;
temperature, 37°C; weight, 11.3 kg (5th percentile);
height, 80 cm (below 3rd percentile); and head
circumference, 49 cm (50th percentile). Heart
rate is regular and there are no extra sounds or
murmurs. The lungs are clear. The abdomen is
soft and there are no masses. The extremities are
free of rashes or edema. Neurological examination
shows moderate proximal-muscle weakness with
lower extremity bowing. The rest of physical
examination is uneventful. Laboratory studies
reveal a hemoglobin level and a leukocyte count
within reference ranges and a normal urinalysis.
Serum sodium level is 137 mEq/L; potassium,
3.9 mEq/L; chloride, 100 mEq/L; bicarbonate, 28
mEq/L; blood urea nitrogen, 8 mg/dL; creatinine,
0.3 mg/dL; albumin, 4.2 g/dL; calcium, 10.2 mg/
dL; phosphate, 1.9 mg/dL; magnesium, 1.7 mg/
dL; and alkaline phosphatase, 1829 U/L (reference
range, 50 U/L to 330 U/L). A random urine
calcium-creatinine ratio is 0.18 (reference range,
< 0.22 to 0.26).

Question 1. Which one of the following is most
likely associated with his electrolyte abnormalities
(select all that apply)?

(a). Muscle weakness

(b). Failure to thrive
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(c). Bowing of the legs

(d). Bone pain

(e). Hyperthyroidism

The correct answers are a, b, ¢, and d. Muscle
weakness, failure to thrive, radiographic evidence of
rickets, and bone pain are classic clinical features of
chronic hypophosphatemia.?! Hypophosphatemia-
induced muscle weakness involves skeletal muscle
and may cause proximal myopathy, dysphasia,
ileus, and even respiratory failure.?%?!

Question 2. Which of the following studies
should be done first in attempting to distinguish
the diagnosis (select all that apply)?

(a). Fractional excretion of phosphate (FE;,)

(b). Fractional excretion of calcium

(c). Arterial blood gases

(d). Plasma 25-hydroxyvitamin D level

(e). Plasma 1,25-dihydroxyvitamin D level

The correct answer is a. The first step in the
diagnostic approach to hypophosphatemia is to
establish whether hypophosphatemia is caused
by inadequate dietary phosphate intake, reduced
intestinal phosphate absorption, or excessive urinary
losses of phosphate. This is done by evaluating
the FEp,.%?

In this patient, the random urine phosphate
and creatinine excretion were 60 mg and 33 mg,
respectively, and the FE,u, was 28.6% (reference
range, 10% to 15%).

Question 3. Which of one the following
conditions should now be considered in the
differential diagnosis (select all that apply)?

(a). Primary hyperparathyroidism

(b). Inadequate dietary intake

(c). Malabsorption of intestinal phosphate

(d). Ingestion of large quantities of phosphate

binding antacids

(e). Vitamin D deficiency

(f). Fanconi syndrome

(g). X-linked hypphosphatemic rickets

(h). Oncogenic osteomalacia

(i). Hyperventilation

The correct answers aree, f, g, and h. The elevated
FEpo,signifies excessive urinary losses of phosphate.
Renal phosphate wasting can result from genetic or
acquired renal disorders. Acquired renal phosphate
wasting syndromes can result from vitamin D
deficiency, hyperparathyroidism, oncogenic
osteomalecia, and Fanconi syndrome.”#1%3 The
genetic disorders of renal hypophosphatemic



disorders generally manifest in infancy and is
usually transmitted as XHR." The choice 2 is a wrong
answer as serum calcium concentration is elevated
in patients with primary hyperparathyroidism.”
Answers to b, ¢, and d are also incorrect because
of the inappropriately high FEq,. The choice i is
a wrong answer because hyperventilation lowers
serum phosphate level by promoting a shift of
phosphate into the cells, leading to respiratory
alkalosis and the FE, is appropriately low.™

Additional laboratory studies revealed
25-hydroxyvitamin D was 71.8 ng/mL
(reference range, 30 ng/mL to 100 ng/mL);
1,25-dihydroxyvitamin D, 15 pg/dL (reference range
for children, 20 pg/dL to 70 pg/dL); and intact
PTH, 44 pg/mL (4.6 pmol/L; reference range, 10
pg/mL to 68 pg/mL). There was no aminoaciduria
or glucosuria. Radiographic studies revealed florid
signs of rickets, including a rachitic rosary and
cupping of the ribs, and fraying and flaying of the
radius, ulna, femur, tibia, and fibula.

Question 4. What is the most likely diagnosis
now (select all that apply)?

(a). Fanconi syndrome

(b). X-linked hypophosphatemic rickets

(c). Oncogenic osteomalacia

(d). Nutritional vitamin D deficiency

The correct answer is b. The condition appears
to be genetic (strong family history of rickets) and
the 1,25-dihydroxyvitamin D level is very low,
consistent with this diagnosis.!

X-linked hypophosphatemic rickets is the
most common inherited form of familial
hypophosphatemic rickets and is characterized by
growth retardation, defective bone mineralization,
hypophosphtemia secondary to renal phosphate
wasting, and inappropriately low serum
concentration of 1,25-dihydroxyvitamin D. Patients
with XHR have mutations in PHEX.'®! It has
been postulated that PHEX plays a major role
in the osteoblast cells differentiation and bone
mineralization. It also increases renal phosphate
reabsorption and promotes conversion of
25-hydroxyvitamin D tol,25-dihydroxyvitamin D
through activation of 1-a-hydroxylase enzyme.?>3¢
Answer a is incorrect because Fanconi syndrome
is associated with generalized aminoaciduria and
glucosuria. Answers c and d are not the correct
answers, because of a strong family history of
rickets.
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Question 5. Which one of the following factor
is most likely elevated in the plasma (select all
that apply)?

(a). Parathyroid hormone-related protein

(b). Fibroblast growth factor 23

(d). Stannicalcin-1

(d). Calcitonin

The correct answer is b. Mutation in PHEX is
associated with an increase in serum concentration of
phosphatonins, including FGF23.3¢ The mechanism
by which this mutation leads to elevation in FGF23
is unknown. The elevated level of FGF23 inhibits
renal and intestinal absorption of phosphate directly
by inhibition of sodium-potassium-II cotransporters.
It also inhibits activation of 25-hydroxyitamin D
to 1,25-dihydroxyvitamin D through inhibition
of 1-a-hydoxylase enzyme directly.** Autosomal
dominant hypophosphatemic rickets has similar
clinical manifestations, with hypophosphatemia,
clinical rickets, and inappropriately low levels of
1,25-dihydroxyvitamin D. Genetic studies have
identified mutation in FGF23 as the cause of ADHR."

The diagnosis of X-linked hypophosphatemic
rickets was made based on the available laboratory
data.

Question 6. What should be done next (select
all that apply)?

(a). Treat with oral phosphate

(b). Treat with oral calcitriol

(c). Recommend total parathyroidectomy

(d). Order scintigraphy using octreotide labeled

with indium-111

The correct answers are 4 and b. The goal of
therapy is to improve growth, reduce the severity
of bone disease, and minimize activity limitations.
Phosphate supplements and calcitriol are the
mainstays of therapy. Phosphorus administration
lowers the level of ionized calcium in plasma and
decreases calcitriol synthesis, leading to secondary
hyperparathyroidism. Increased levels of PTH
further aggravate urinary phosphate loss. Therefore,
calcitriol administration is necessary to increase the
intestinal absorption of calcium and phosphorus
and to prevent secondary hyperparathyroidism.
Therapy with calcitriol is initiated at 15 ng/kg/d
to 20 ng/kg/d.*?® The dose is gradually increased
over several weeks to 30 ng/kg/d to 60 ng/kg/d.
Phosphate salts are given between 0.5 g/d to
4.0 g/d in divided doses every 4 hours. Healing
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typically starts in 6 to 8 months after the start of
therapy.? 28

The patient was treated with calcitriol and sodium
phosphate, which led to significant improvement
in the radiological signs of rickets after 6 months
of therapy, and his serum phosphate level returned
to normal.

Question 7. Which of the following acquired
clinical disorders has similar clinical and biochemical
findings as XHR and ADHR?

(a). Primary hyperparathyroidism

(b). Tumor-induced (oncogenic) osteomalacia

(c). Vitamin D deficiency

(d). Cystinosis

The correct answer is b. Oncogenic osteomalasia
is a paraneoplastic syndrome characterized by
osteomalacia, hypophosphatemia, renal phosphate
wasting, bone pain, and muscle weakness. These
patients usually have benign tumors of mesenchymal
origin that produce phosphatonins, phosphaturic
peptides.?*?” Identification of the tumor can
involve total body magnetic resonance imaging
or scintigraphy using octreotide with indium-111
(since the tumors typically express somastatin
receptors).’® Patients with this syndrome require
a combination of oral phosphate and calcitriol.
This is because the use of phosphate alone may
lower ionized calcium and lead to secondary
hyperparathyroidism. Therapy should continue
until the tumor can be identified and removed.
Removal of the tumor leads to prompt reversal of
the biochemical abnormalities and healing of the
bone disease.’> The vast majority of tumors are
benign and do not recur. Prognosis is excellent
for complete recovery.*

None declared.

1. Weisinger JR, Bellorin-Font E. Magnesium and
phosphorous. Lancet.1998;352:391-6.

2. Murer H, Hernando N, Forster |, Biber J. Proximal tubular
phosphate reabsorption: molecular mechanisms. Physiol
Rev. 2000;80:1373-409.

3. Knochel JP. The pathophysiology and clinical
characteristics of severe hypophosphatemia. Arch Intern
Med. 1977;137:203-20.

4. DiMeglio LA, White KE, Econs MJ. Disorders of
phosphate metabolism. Endocrinol Metab Clin North Am.
2000;29:591-609.

200

10.

1.

12.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

. Rubin MF, Narins RG. Hypophosphatemia:

pathophysiological and practical aspects of its therapy.
Semin Nephrol. 1990;10:536-45.

. Gaasbeek A, Meinders AE. Hypophosphatemia: an update

on its etiology and treatment. Am J Med. 2005;118:1094-
101.

. Assadi F. Disorders of divalent ion metabolism. In: Assadi

F, editor. Clinical decisions in pediatric nephrology: a
problem-solving approach to clinical cases. New York:
Springer; 2008. p. 97-123.

. Schmitt CP, Mehs O. The enigma of hyperparathyroidism

in hypophosphatemic rickets. Pediatr Nephrology.
2004;19:473-7.

. Tenenhouse HS; Murer H. Disorders of renal tubular

phosphate transport. J Am Soc Nephrol. 2003;14:240-8.

Agus ZS, Goldfab S, Sheridan AM. Diagnosis and
treatment of hypophosphatemia. In: Rose BD, editor.
Uptodate. Wellesley: 2009;17 (3). [CD-ROM].

Jonsson KB, Zahradnik R, Larsson T, et al. Fibroblast
growth factor 23 in oncogenic osteomalacia and x-linked
hypophosphatemia. N Engl J Med. 2003;348:1656-63.

[No authors listed]. A gene (PEX) with homologies to
endopeptidases is mutated in patients with X-linked
hypophosphatemic rickets. The HYP Consortium. Nat
Genet. 1995;11:130-6.

. ADHR Consortium. Autosomal dominant

hypoposphatemic rickets is associated with mutations in
FGF23. Nat Genet. 2000;26:345-8.

Liu PY; Jeng CY. Severe hypophosphatemia in a patient
with diabetic ketoacidosis and acute respiratory failure. J
Chin Med Assoc. 2004;67:355-9.

Paleologos M, Stone E, Braude S. Persistent, progressive
hypophosphatemia after voluntary hyperventilation. Clin
Sci. 2000;98:619-25.

Marinella MA. Refeeding syndrome and
hypophosphatemia. J Intensive Care Med. 2005;20:155-9.

Nowack R, Wachtler P. Hypophosphatemia and hungry
bone syndrome in a dialysis patient with secondary
hyperparathyroidism treated with cinacalcet--proposal for
an improved monitoring. Clin Lab. 2006;52:583-7.

Kumar R. Tumor-induced osteomalacia and the regulation
of phosphate homeostasis. Bone. 2000;27:333-8.

Bergwitz C, Roslin NM, Tieder M, et al. SLC34A3
mutations in patients with hereditary hypophosphatemic
rickets with hypercalciuria predicts a key role in
maintaining phosphate homeostasis. Am J Hum Genet.
2006;78:179-92.

Jaureguiberry G, Carpenter TO, Forman S, Jueppner H,
Bergwitz C. A novel missense mutation in SLC34A3 that
causes HHRH identifies threonine 137 as an important
determinant of sodium-phosphate co-transport in NaPi-llc.
Am J Physiol Renal Phsiol. 2008;295:F371-9.

Planas RF, Mc Brayer RH, Koen PA. Effects of
hypophosphatemia on pulmonary muscle performance.
Adv Exp Med Biol. 1982;151:283-90.

Ravid M, Robson M. Proximal myopathy caused by
iatrogenic phosphate depletion. JAMA. 1976;236:1380-9.

O’Connor LR, Klein KL, Bethune JE. Effect of



24.

25.

26.

27.

28

29.

30.

31.

32.

33.

hypophosphatemia on myocardial performance in man. N
Engl J Med. 1977;297:901-3.

Knochell JP. Hypophosphatemia and rabdomyolysis. Am J
Med. 1992;92:455-9.

Siddiqui MF, Bertorini TE. Hypophosphatemia-induced
neuropathy: clinical and electrophysiologic findings.
Muscle Nerve. 1998;21:650-2.

Hicks W, Hardy G. Phosphate supplementation for
hypophosphatemia and parenteral nutrition. Curr Opin
Clin Nutr Metab Care. 2001;4:227-33.

Nishida Y, Taketani Y, Yamanaka-Okumura H, Imamura F,
Taniguchi A, Sato T. Acute effect of oral phosphate loading
on serum fibroblast growth factor 23 levels in healthy men.
Kidney Int. 2006;70: 2141-7.

. Carpenter TO. New perspectives on the biology and

treatment of X-linked hypophosphatemic rickets. Pediatr
Clin North Am. 1997;44:443-66.

Bettinelli A, Bianchi ML, Mazzucchi E. Acute effects of
clacitriol and phosphate salts on mineral metabolism
in children with hypophosphatemic rickets. J Pediatr.
1991;118:372-6.

Lentz RD, Brown DM, Kjellstrand CM. Treatment of severe
hypophosphatemia. Ann Intern Med. 1978;89:941-4.

Subramanian R, Khardori R. Severe hypophosphatemia.
Pathologic implications, clinical presentations and
treatment. Medicine (Baltimore). 2000;79:1-8.

Perreault MM, Ostrop NJ, Tierney MG. Efficacy and safety
of intravenous phosphate replacement in critically ill
patient. Ann Pharmacother. 1997;31:683-8.

Drezner MK. Tumor-induced osteomalacia. Rev Endocr

Hypophosphatemia—Assadi

Metab Disord. 2001;2:175-86.

34. Clarke BL, Wynne AG, Wilson DM, Fitzpatrick LA.
Osteomalacia associated with adult Fanconi’s syndrome:
Clinical and diagnostic features. Clin Endocrinol.
1995;43:479-90.

35. Tenenhouse HS. X-linked hypophosphatemia: a
homologous disorder in human and mice. Nephrol Dial
Transplant. 1999;14:333-41.

36. Berndt TJ, Kumar R. Phosphatonins and the regulation of
phosphate homeostasis. Ann Rev Physiol. 2007;69:
341-59.

37. Wilkins GE, Granleese S, Hegele RG, et al. Oncogenic
osteomalacia: Evidence for a humoral phosphaturic factor.
J Clin Endocrinol Metab. 1995;80:1628-34.

38. Jan de Beur SM, Streeten EA, Civelek AC, et al.
Localization of mesenchymal tumors by somatostatin
receptor imaging. Lancet. 2002;359:761-3.

Correspondence to:

Farahnak Assadi, M.D

Section of Pediatric Nephrology, Rush Children’s Hospital,
Chicago, IL 60611, USA

Tel: +1 312 563 2445

Fax: +1 312 942 4168

E-mail: fassadi@rush.edu

Received November 2009

Revised March 2010
Accepted April 2010

201



